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SUMMARY 

The Atlas Fuel/Hydraulic transfer valve (FHV) design is enhancing the Atlas space vehicle launch 
reliability without a major redesign. The concept represents a rational evolutionary design change. 
General Dynamics Convair Division has designed a fuel/hydraulic transfer valve to permit controlled 
interfacing with the RP-1 fuel supply. The design satisfies primary goals such as fuel and oil isolation 
before launch in order to use existing ground support and. airborne hardware and procedures. The 
valve will operate only after the vehicle has been committed to launch. Hydraulic system function will 
be maintained if the valve fails to function. Valve operation is mechanical and interfaces only with the 
propulsion system. 


BACKGROUND 


The Atlas vehicle has two independent hydraulic systems, one for each stage, used to provide 
power for thrust vector control and to the engine propellant utilization system. As a first generation 
missile designed primarily as a high priority weapons delivery system, no consideration was given for 
designing redundancy features into the hydraulic system. As a weapon system vehicle, its development 
and operational flight record was tarnished by occasional hydraulic system failures attributed to 


system leakage. , , , , . 

The changeover from a weapons system to a space launch vehicle placed greater emphasis on 

vehicle reliability. The hydraulic system- reliability was improved by critical analysis, design im- 
provements, generous testing, and tender loving care. , , OD . 

The Atlas vehicle carries at liftoff approximately 47.3 cubic meters (12,500 gallons) of RE- 1 fuel 
and the hydraulic systems carry 0.001 1 cubic meters (0.3 gallons) of reserve hydraulic fluid. Leakage 
of the hydraulic fluid in flight in excess of reserve capacity could result in a costly mission failure. The 
concept of tapping the RP-1 fluid as an “infinite” reservoir for the hydraulic system became attrac- 
tive. System reliability can be increased to permit the hydraulic system to become leak-tolerant. An 
estimated 50% of the previous hydraulic system flight failures (and mission losses) would have been 
prevented if the concept had been utilized. 


CONCEPT 

The fuel/hydraulic transfer valve design uses a diaphragm to isolate hydraulic and RP-1 fluids. A 
ram is used to rupture the diaphragm. This event can only occur when the engines are ignited and high- 
pressure RP-1 fluid is generated. The high-pressure RP-1 fluid is ported to the ram which then nlptures 
the diaphragm. The subsequent interface attainment between low pressure RP-1 and hydraulic fluid 
thus makes the “infinite” supply of RP-1 available to the hydraulic system. With zero system inflight 
leakage, the hydraulic system functions on a low mixture of RP-1 in hydraulic fluid. If a leak is 
manifested, system function will continue as RP-1 flows into the hydraulic system. 
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PREVIOUS DEVELOPMENT 

Air Force funds Were made available in 1967-68 to design and develop a similar interlace valve to 
tne subject, valve. The major difference between the two designs was that the earlier version had a 
design feature that would not allow inflight interfacing of RP-i fuel with hydraulic fluid under any cir- 
cumstances except when a system leak developed. The valve would function by sensing an inflight 
pressure ioss in- the return or low pressure system circuit. 

A valve was designed, developed, and tested to demonstrate the concept feasibility. The 
diaphragm-design configuration was the major hurdle to overcome. After starting with no experience, 
a satisfactory diaphragm configuration was- attained. System tests using surplus flight hardware 
demonstrated all program objectives, but the program was cancelled without implementation. For- 
tunately, the data was used to design the current valve now in flight service. 

HYDRAULIC SYSTEM DATA 

• Number of independent systems: two (one for each stage) 

• Operating pressures (nominal) 

High pressure: 205 ATM (3,015 psia) 

Return or low pressure: 5.3 ATM (80 psia) 

• Hydraulic pump flow (variable, engine driven): 

Booster: 0-1.45 x 10 “3 mVsec (0-23 gpm) 

Sustainer: 0-0.50 x 10 “ 3 ra 3 /sec (0-8 gpm) 

• Hydraulic fluid: MIL-H-5606, (hydrocarbon — red color) 

• Fuel; RP-1 per M1L-R-25576 

• Function: 

Booster system: Provide power to engine nozzle thrust vector servoactuators 

Sustainer system: Provide power to engine nozzle thrust vector servoactuators and 

engine propellant control system 

OBJECTIVES AND CONSTRAINTS 

The task objective was to design, test, and integrate a valve into three existing Atlas vehicle con- 
figurations requiring three different installation versions. Fortunately, the three vehicle hydraulic 
systems used common hardware and functioned identically. This allowed the designer to create a com- 
mon valve design and envelope with port fitting configuration-differences to accommodate-unique in- 
stallation requirements. 

The Atlas SLV-3D model is manufactured for NASA under a Lewis Research Center managed 
contract. The Atlas SLV-3A and E/F models were manufactured and subsequently modified for the 
U.S. Air Force Space Division use. The U.S. Air Force Space Division and NASA jointly provided the 
design and testing funds for the valve basic design. All agencies participated in preliminary and critical 
design reviews. 

The prime technical objectives were: 

1. To increase booster and sustainer hydraulic system reliability bv utilizing RP-1 fuel as a 
ready reserve fluid in the event of a hydraulic system leak to maintain system function: 

A. With any size return system leak. 

B. With a limited leak in the pressure system. 

2. To maintain hydraulic system function if the FHV valve does not activate. 




156 


-¥ 

I 


3 . to achieve program economy by utilising a wholly mechanical system and avoid, g 
costly electrical system. 

ixslm Objective ^ wen used ,. 

B No pyrotechnic devices or dectncal nterfi w ^ vaWe< valve integration 

C - ^i" aTSto systems is not affecting c.ther system 

D S55T3b. launch, there Is zero leakage of hydraulic or KM fluids into 

" inter face ^ f R P- 1 fuel and hydraulic fluid occurs only when the vehicle » «• 

roitt ed »r^hS&atlon of “Engine Start” sequence. 

•. Z^ vtiCesi a, M- 

F valve design makes maximum use of. design feature 
• valve" design developed m 1 W«- B 4 „ onres , rata ed launch concept. The 

steady stale level. The vehicle btnen betw een engine start and launc " ^ 

3K3» 9 2 , e uss of . ^hnlc devree to nigger .. ™ 

The qualification cost of the relay oox 

allocated funds. 


HOW THE IHV VALVE FUNCTIONS 


HOWTHI 

lirds— 

^^^5S3Sasaaas 


,bs r f" ovcrco » cs diaphragnyrupture reaistance. The 
ai&hSJ iff , , tlme delay fdr the en g‘nc start transient to be completed before the 

Sf ^ h L rUP u e * IrapoSin & a tim del ^ priof t£> diaphragm rupture is more critical foE sHv 
fn?^iT h ! Ch rt h ^ V f a ^?. rt cap&bllities< Th e diaphragm must not break prior to run out of time allotted 

while atbotne 6 ^ r H 6 % l « e Same ti ? e minimizin g the time wherein the FHV valve is not activated 
. 860 F ‘gnre 2. Because of the many variables involved in calculation of tlicSrmo! 

^ coupled with 00 meaningful data associated with some of 
cakul^ f raUlg restrict0r was detcrmined hy making reasonable assumptions for 

Flight data revealed that the valve was activated early, but still within acceptable limits What had 
a .«* ■»"<*» <"c run out of the abort timer and the SiSSm rupwm mn to 
,^ n ’ 11 ' lc abort •tf'srwas to run out a fraction of a second prior to the diaphragm rupture Any abort 

d rH 8 h ! ab0rt Pe, i ? d W0Uld maimaitl the diaphragm structurally intact and thereby maintain isola 
non between propulsion and hydraulic systems. In reality, a photo finish occurred 

FHV VALVE DESIGN FEATURES 

dual zi ^ioXii”^r or hydrauiic nuid bKause ° f seai iMka * e - The — * 

wlth^/fflTrittor^ TZ h ,? dral !!! C secdon .* hic " aUoWs '"' draull ‘ ! flui d 1 ° P“s through its cote 
witnout nitration. RP-l fuel allowable contamination content is greater than that allowed for the 

M r:r^, Con ?““ d r y a , u rp -‘ r rins ,he **«■* »£* 

et ween the low-pressure fuel port and the diaphragm is installed a fine mesh screen Its function 

ee y at< ? Wl ’^ tlK diaphra * m Wures, from entering the fuel system. 

desig^ The -sS’ rT' v 5 V ’ ,r00ve CUt ^f°, de * rees iB the hiterior wall end of cup 

design, the shear thickness of the V-groove is controlled dimensionally This control etirtskfc nf 

physical dimensions, surface finish condition and anodic thickness. The choice of Shi? 6 
aluminum material was primarily based on its excellent corrosion characteristics All diaphragms ire 
leak cheeked with helium. Lot test consists of 2 out of lOunlts being subieemd toi 
allowable rupture force is 5. 782 N (1,300 lb) to 7,606 N (1 ,710 lb) P ’ * 

The original diaphragm rupture force tolerance requirements were not met This was anticioated 
an d our destgn concept allowed us to open the tolerance in either direction. One lot of dtaphSlS 
ed rupture tolerance limits. This was baffling since all machining tolerances were satisfied. A metallur- 
gical analysts of the V-groove revealed differences between thin coat anodize thicknesses of the failed 
and acceptable lots. This was a surprise as it was assumed that the anorz^ltfeS^Sblh y wS 
significant. As a consequence, anodized thickness was subsequently controlled 

Diaphragm seal and structural integrity loss by accidental or unrecognized means was addressed 
dunng the design review phase. The problem was not so much a gross diaphragm ruptu^e, but laEher 

115 6 atm°/l 7M nsidH k ‘ by pressure was remote as it would require approximately 

115.6 atm (1,700 psid) to rupture the unit. Neither the low-pressure fuel or hydraulic return 

deterthydraulic oil IiTrp UIM Hvd Tf r “?|, Ved '’l' U ™ g infrared s P“''<>Photometer analysis to 
hydraulic oil in RP-l fluid. Hydraulic oil has a viscosity improver compound and hydraulic fluid 
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is detectable as low as a half-percent in fuel. Fluid samples were taken on about 20 Installed valves until 

sufficient confidence wftS gained to elittvitude sample tests. ... j 

The ever-present potential of human error did occur at the component level. A technician failed to 
follow prescribed testing procedures and managed to burst a diaphragm. This has been-the only 

adVC thc^cstScto^ check valve function is to minimize the back flow of RP-1 fluid in the event an ex- 
ternal leak occurs in the return system upstream of the valve. . .. 

As installed in the system, the FHV valve is located as dose to the hydraulic pumps as existing 
vehicle hardware would permit in order to reduce the amount and length of tubes connecting between 
the FHV valve and the pump. The low pressure RP-1 connection to the FHV valve is sell bleeding 
the vehicle erected in the vertical position. 

FLIGHT EXPERIENCE 

The inflight performance of the hydraulic systems is monitored by low pressure (return) and high 
pressure transducers via telemetry. Any gross leak manifestation would be revealed by ^ pressure loss. 

To date 14 vehicles or 28 valves have been flown.. All valves have activated properly and 
hydraulic system functions were satisfactory. We have experienced no gross hydraulic system leaks 

during inflight operation. 
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figure 1.- System schematic with FHV valve. 
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Figure 2*- FHV valve timing curve. 
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